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ABSTRACT

Title of research paper:

Economic Viability of Mega-Size Container Vessel
on COSCO Europe-Asia Route

Degree:

MSC

The container ship is becoming bigger and bigger. After 2006, A. P. Moller-Maersk
built the Emma Maersk, a super-post panama container vessel competition raised in
container shipping market. The MSC, CMA-CGM and other liner companies follow
Maersk‟s pace booked a lot of 10000+ TEU vessels to replace the ships in West-East
route. After they made the contracts with ship yards, the container shipping market
had suffered a disaster in last 12 – 15 months. The liner companies lack of cash and
struggle from bankrupt. The radical change in last two years made the market very
uncertain which makes it more difficult for forecast. Most people believe that the
general environment will improve in 2010. The liner companies ordered bigger
container vessels. The market is uncertain and just suffered a dramatic decrease. The
economic situation of Super-Post Panamax vessel is unclear. Should China liner
companies follow the trend or keep the vessel size below 10000 TEU? This article
use economics theory to analysis the economic viability of mega-size container
vessel on COSCO Europe-Asia route. This article also used sensitivity analysis to
measure the risk of operating mega-size container vessel.

KEYWORDS: Mega-Size Container Vessel, Europe-Asia Route, Cost Analysis,
Sensitivity Analysis, Marginal Cost.
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Chapter 1: Introduction

1.1 Background
The container ship is becoming bigger and bigger. After 2006, A. P. Moller-Maersk
built the Emma Maersk, a super-post panama container vessel competition raised in
container shipping market. The MSC, CMA-CGM and other liner companies follow
Maersk‟s pace booked a lot of 10000+ TEU vessels to replace the ships in West-East
route. The driving force behind introducing large ships was to achieve greater
economies of scale

[1]

. Lim (1998)

[5]

has also mentioned that the persistence of

excess capacity maybe partially motivated by the strategy of deterring entry.

After they made the contracts with ship yards, the container shipping market had
suffered a disaster in last 12 – 15 months. The liner companies lack of cash and
struggle from bankrupt. The radical change in last two years made the market very
uncertain which makes it more difficult for forecast. There is no real consensus on
when a recovery will take place and how strong it will be. Most people believe that
the general environment will improve in 2010. Drewry (2009) [6] forecast that global
container traffic will increase 3.4%. In this situation, the liner shipping companies
still struggling for survive.

Although the market is terrible, the world container ship fleet is increasing. At
October 2009, the cellular containership fleet numbered 4,666 vessels, with an
aggregate nominal capacity of 12.68 million TEU

[6]

. On an annualized basis and

comparing the October 2009 fleet figure with that recorded in October 2008, global
fleet capacity increased by 6.9% with the net addition of 820,000 TEU. This
percentage growth during this 12- month period is also a reflection of the relatively

1

low rate of deliveries seen so far this year and the likely continued slippage of
vessels into 2010 [6].

Although almost no vessel was ordered in last 12 months and companies are
desperately negotiating with ship yard to delay the delivery. There is general
acceptance among the yards now that owners do not have enough cash to continue
with previously agreed payment schedules in the current operating environment and
essentially some contracts have been stalled for 12 months or so while the situation
hopefully improves. This means the orders are kept alive and the carriers are buying
themselves time. There is in excess of 100,000 TEU tha t has been technically built,
but not yet delivered to owners and a significant amount of tonnage will simply slip
into 2010 delivery.

Table 1.1- Containership order book by number and delivery year (1 Oct 2009)
Ship range 2009

2010

2011

2012

2013

2014

Total

(TEU)

Current %
fleet

of

current
fleet

<500

15

1

500-999

47

30

5

1000-1999 88

71

21

8

2000-2999 24

30

13

7

3000-3999 14

28

10

4000-4999 38

53

44

42

15

3

5000-5999 20

5

6

16

351

4.6%

82

780

10.5%

188

1244

15.1%

79

754

10.5%

52

330

15.8%

183

516

35.5%

38

289

13.1%

6000-6999 19

24

12

2

5

62

153

40.5%

7000-7999

2

12

9

3

26

69

37.7%

2

8000-8999 12

30

18

12

5

9000-9999 1

7

3

10000+

12

37

60

34

3

total

290

313

213

117

27

77

133

57.9%

11

46

23.9%

13

159

33

481.8%

13

973

4666

20.9%

„000 TEU
<500

3

0

0

0

0

0

3

107

3.1%

500-999

39

25

4

0

0

0

69

581

11.8%

1000-1999 129

100

31

13

0

0

274

1762

15.6%

2000-2999 61

78

34

19

14

0

205

1833

11.1%

3000-3999 47

99

36

0

0

0

182

1130

16.1%

4000-4999 166

233

194

183

27

0

803

2259

35.5%

5000-5999 103

0

83

17

0

0

203

1589

12.8%

6000-6999 124

156

78

13

35

0

406

995

40.8%

7000-7999 0

14

88

66

22

0

190

507

37.5%

8000-8999 101

254

151

101

42

0

649

1104

58.7%

9000-9999 9

68

28

0

0

0

105

428

24.6%

10000+

148

478

768

428

40

154

2016

384

525.1%

total

930

1507

1494

840

180

154

5104

12676

40.3%

Source: Drewry. (2009). Quarterly Forecasts of the Container Market. London

From the table 1.1, we can see the Super-Post Panamax (10000+) vessel delivery
number growing very fast. The number of the total Super-Post Panamax vessel will
reach 159 in 2014. The capacity growth will be 2,016,000 TEUs compare to the total
growth of 5,104,000 TEUs. The container vessel enlargement is obvious and
inevitable.
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The liner companies ordered bigger container vesse ls. The market is uncertain and
just suffered a dramatic decrease. The economic situation of Super-Post Panamax
vessel is unclear. This article is trying to find out the difference between today‟s fleet
structure and Super-Post Panamax vessel fleet structure. Another aim is trying to find
the optimal vessel size.

1.2 Methodology

This article use economic viability to make the comparison and analysis. The liner
company‟s aim is to get the maximum profit under an acceptable risk level. So this
article analysis the cost structure of COSCO‟s operation of NE1 route. I search the
data of ports they called, fleet information and all the other information needed in the
calculation. By calculate the total cost of two kinds of fleet we can get the general
idea of the difference between them. After that I apply the unit cost function to
analysis two different types of fleet‟s unit cost pattern. Then I analyzed the income
situation in different cargo level by using the accountant theory to see which fleet
structure is better. At the end of the research, I analyzed the risk of adopting
mega-size container vessel by using sensitivity analysis. From calculating the
coefficient of sensitivity, we can find out which type of fleet is more sensible to the
change of bunker price, freight volume and freight rate. thus we can find out which
type of fleet is more risky.

1.3 Paper Structure
First part of the article is the introduction of Super-Post Panamax container vessel
and the global trend of container vessel development. The second part of the article is
the review of previous study in relevant field and show the innovation of this article.
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Chapter three is the analysis of COSCO Europe-Asia route and the economic
viability comparison between two different fleets. Forth part of the article is the risk
analysis of operating mega-size container vessel. The last chapter is the conclusion of
the research. Here is the structure of this article.

Introduction

Overview of mega-size vessel
and COSCO NE1 route

Vessel & port of call
Data collection

Economic analysis on
mega-size vessel

Risk analysis on
mega-size vessel

Conclusion

Chapter 2: Lite rature review

2.1 Relevant Research

Many literatures studied about the demonstrated optimal vessel size. Mainly include
the following three theories.
Game theory [3]
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In order to explicitly look into implications on shipping strategies in competitive
circumstances, game theory is employed. Game theory has been well utilized to
assess business strategies to be undertaken in competitive circumstances.

As also observed in other business fields, the liner shipping industry is characterized
by the differentiated cost structure of the relevant shipp ing companies in the market.
A typical case of this differentiation is the observed cost structure difference between
Europe-based and Asia-based companies. The same or approximately the same
freight rates are applied for particular origin-destination port pairs in most trade
routes. Therefore, the cost structure is the main factor in the differentiation of the
profits generated by the different shipping companies.

Based on the above discussion, the game theory used a non-zero sum game with two
players to identify optimal liner service mixes that correspond to Nash equilibrium
points with profit pay-off matrixes, assuming that each player has knowledge of his
competitor‟s set of potential services (or strategies in the game terminology). Nash
equilibrium points can be interpreted as non-regrettable solutions, given involved
competitors‟ strategies that are known each other. Being more precise, this means
that if a player adopted any other strategy rather than the equilibrated strategy, his
profit would be decreased. Consequently, each of the two players has no reason to
change his strategy to be undertaken [3].

The game theory analysis achieved the optimal decision. It considered two different
service strategies: one with container mega-ships and the other with ordinary ships,
having assumed that the container mega-ship service used a hub-and-spoke network
while the ordinary ship service employed a multi-port-calling network. The solution
in the European trade showed that the achieved economies of scale by t he container
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mega-ship deployment are greater in the case of the longer shipping route with low
freight rates.

Pareto optimality concept [11]
Pareto optimality is a concept in economics with applications in all areas of the
discipline as well as engineering and other social sciences. The term is named after
Vilfredo Pareto, an Italian economist who used the concept in his studies of
economic efficiency and income distribution. Informally, Pareto efficient situations
are those in which it is impossible to make one person better off without necessarily
making someone else worse off.

Given a set of alternative allocations of goods or outcomes for a set of individuals, a
change from one allocation to another that can make at least one individual better off
without making any other individual worse off is called a “Pareto improvement”. An
allocation is defined as “Pareto efficient” or "Pareto optimal" when no further Pareto
improvements can be made. Such an allocation is often called a “strong Pareto
optimum (SPO)” by way of setting it apart from mere “weak Pareto optima” as
defined below.

Minimizing shipping costs and minimizing inventory costs are the two objectives of
the proposed model. Since these two objectives conflict with each other, a fully
optimal solution that simultaneously optimizes both objectives simply does not exist.
Therefore, instead of a complete optimal solution, the Pareto optimality concept is
introduced. The Pareto optimality is the solution in which no objective can be
reached without simultaneously worsening at least one of the remaining objectives.

Marginal cost theory [13]
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In economics and finance, marginal cost is the change in total cost that arises when
the quantity produced changes by one unit. That is, it is the cost of producing one
more unit of a good. Mathematically, the marginal cost (MC) function is expressed as
the first derivative of the total cost (TC) function with respect to quantity (Q). Note
that the marginal cost may change with volume, and so at each level of produc tion,
the marginal cost is the cost of the next unit produced.

: Unit transportation cost
dTC: Increment of the total cost of transportation
dQ: Increment of the total transportation turnover

For container shipping transport, its cost mainly consists of construction cost and
operational cost. The construction cost includes vessel cost and funding cost. Vessel
costs are one-time investment in ship construction, including the shipping company‟s
own capital and loans. Funding cost is used when collecting investment from various
financing channels. These two expenses are fixed costs, they only related to the
vessel size, vessel yard, currency and interest rate. The operational costs include fuel
cost, wages, port charges and so on.

Theoretically, all the slots are used when the supply and demand is balanced. At this
point the marginal cost is the lowest for a particular ship modal. For container vessels,
consider the safety problem, their capacity is limited. When the demand rise to a
certain amount (lowest marginal cost), the capacity is almost saturated. If the demand
continues to rise, the liner company has to create more capacity. One way is upgrade
vessels‟ size, the other way is add vessels. Either way will raise the cost immediately.
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But when the demand keeps increasing, the marginal cost will decrease again.

Xu jie (2006) analyzed ship size in different market situation. In his study the
optimal vessel size in Far East-Europe route is 8000TEU when market is good. In
median level the optimal size is 5800TEU and 4000-5000TEU in bad market. But all
the calculation is very rough and has a lot of assumptions.

2.2 Innovation

There are many literatures studied on the vessel size and optimal choice of vessel
size. Most of them use cost function to achieve a lowest unit cost. Usually from
analysis the cost structure of different vessel size and applied the economics of scale
theory. Li Tong (2006) use the cost function theory get the optimal vessel size is
10000 TEU and Xu Jie (2006) get the result of 8000 TEU. But both of them didn‟t
analysis the liner company. Different company has different vessel capacity and
different management strategy.

Another view used game theory to analysis the optimal choice of strategy. This
method assumes the liner company has only two strategies: either by container
mega-ship or by ordinary ship. It also assumes export and import trades between two
regions: A and B. The study also assumes two kinds of services: multi-port-calling
and hub-and-spoke. The conclusion shows the mega-ship is economic when the route
is long. But the study is based on too many assumptions and too complicate. The
Pareto optimality is one important concept in game theory. Hsu and Hsieh (2007)
used Pareto optimality determine the optimal ship size, routing, and sailing frequency
with respect to each level of inventory costs and shipping costs. They provided a tool
analyze the trade-off between shipping costs and inventory costs. The study is mainly
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based on theory but not practice.

The vessel size study about Chinese liner companies has not been studied before.
Most formal studies give out the formulation based on theories, but they did not use
it to practice. Usually the study is based on assumptions but this article is trying to
base on practical situation.

Chapter 3: Vessel economic viability on COSCO Europe-Asia route
3.1 Introduction
In this chapter, we will make the detail analysis of the economic viability of
mega-size container vessel. First we need to get the data of mega-size container
vessel and port of call. After that we can use the cost function to calculate the total
cost and unit transportation cost. Step by step, we can calculate the income pattern of
the two fleets and make the comparison.

3.2 COSCO Europe-Asia route status analysis

COSCO is one of the members in CKYH Alliance. CKYH Alliance includes COSCO,
YangMing, K-line and Hanjin. COSCO‟s business covers all over the world. They
have America Service, Europe & Atlantic Service, North-South service, Intra Asia
Service and Intra China Service. Each service contains a lot of lines. For instants, the
Europe & Atlantic Service include seventeen routes. In this article we choose one
specific route to do the research. Because of the length of the route and the freight
volume, the most suitable one is Europe-Asia route. In the five Europe-Asia routes I
pick the first one which is CKYH joint north Europe express service 1 (NE1). Since
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the route is a joint service, there must be some other companies‟ vessels in it. To
make the study feasible we put these ships into COSCO‟s account. That means when
we do the calculation we assume the service is operated by one company.

3.2.1 Fleet information

There are nine vessels operating in route NE1. Five of them belong to COSCO and
the other four vessels belong to Hanjin. All vessels in route NE1 are new, they were
built between 2006 and 2008. The biggest vessel is COSCO EUROPE which has slot
capacity of 10062 built in 2008. The smallest one is COSCO NINGBO which has
9449 slot capacity built in 2006. The table 3.1 shows the detail information of the
vessels operated in route NE1.

Table 3.1- COSCO‟s fleet information
Vessel name

Nationality

Built

Capacity Top

year

Fuel Consumption

Speed (tpd)

COSCO EUROPE

Panama

2008

10062

24.2.

250

COSCO HELLAS

Greece

2006

9469

25.4

250

COSCO NINGBO

Greece

2006

9449

24.5

250

COSCO OCEANIA

Hong

2008

10020

25.8

250

Kong
COSCO YANTIAN

Greece

2006

9469

25.4

250

HANJIN

Panama

2008

10050

25.8

250

Hong

2007

10020

25.8

250

ALEXANDRIA
HANJIN BILBAO

Kong
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HANJIN

Panama

2008

10062

25.8

250

Panama

2007

10062

25.8

250

CASABLANCA
HANJIN FUZHOU

Source: http://www.coscon.com/

From table 3.1 we can see that these vessels are similar. From table 3.1 we can
calculate the average slot capacity is 9851 teus. This number we will use in the
following study.

3.2.2 Information of Port of call

There are nine ports of call in route NE1. The service is in the calling order of
Ningbo, Shanghai, Hong Kong, Nansha, Suez Canal, Rotterdam, Hamburg,
Felixstowe, Antwerp, Suez Canal, Singapore and finally to Ningbo. The service
consist four Europe ports and five Asia ports. We can see the chart below from
COSCO Company.
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Figure 3.1- CKYH joint north Europe express service1 (NE1)
Source: http://www.coscon.com/

Table 3.2- Transit time of COSCO NE1 route
E/B

SGSGP

CNNBO

CNSHA

HKHKG

CNNSH

NLROT

29

36

37

40

41

DEHAM

26

33

34

37

38

GEFEL

24

31

32

35

36

BEANT

23

30

31

34

35

W/B

NLROT

DEHAM

GEFEL

BEANT

CNNBO

24

27

30

31

CNSHA

23

26

29

30

HKHKG

20

23

26

27

13

CNNSH

19

22

25

26

Source: http://www.coscon.com/

From table 3.2 we can get the voyage time is 60 days. That means one year a vessel
has 6 voyages. Accounting the nine vessels, route NE1 have 54 voyages a year in
total.

3.3 Cost structure

This article use economic method to compare two different types of fleets. So we
have to calculate the cost of each type of fleet. Use the income minus the costs then
we can see which type have the maximum profit. For liner shipping company, the
cost mainly include three parts: ship cost, voyage cost and operating cost and each of
them contains branches. I list out the costs that have certain affect to the result or the
costs have a big portion in the cost structure. Some costs have very small portion or
have almost no influence to the calculation will not discussed in this article.

3.3.1 Ship costs

Ship costs are non-operating costs components. It is also said as capital or acquisition
costs. Ships costs begin with a fixed item – the purchase price of the ship, whether it
is acquired as a newbuilding or on the secondhand market. Liner shipping companies
usually buy new ships from ship yards, because their business is a long term
investment. It is unstable to charter in a lot of vessels or buy a lot of second hand
vessels. The newbuilding prices fluctuate and mainly affected by the market. As we
can see today‟s newbuilding price is much lower than 2008 when the market is hot.
Different sizes and types of ships have different prices. Bigger ship or high
14

technology ship have higher price. The ship costs can go „missing‟ from the overall
cost equation. When on the balance sheet the costs may be measured as depreciation
rather than through the profit and loss account.

As we know the newbuilding prices are changeable, we refer to the price in Nov
2009. Because since 2009, the newbuilding price is less fluctuate and kept pretty
stable. From Drewry‟s container insight report, we have the average prices for
current COSCO‟s fleet vessel (9851 teus) is 110 million each and prices for
mega-size container vessel (13000 teus) is 120 million each.

3.3.2 Voyage costs

Voyage costs are trading route dependent. They embrace bunker costs (which are
influenced by the length of voyages undertaken and their origin/destination-as fuel
costs can vary markedly by location), various port disbursements and canal/seaway
transit costs.

3.3.2.1 Bunker cost
Bunker cost is the main cost item in voyage costs. For virtually all ships, fuel
consumption will embrace a grade of fuel oil and marine diesel oil. Daily
consumption will be function of speed/engine performance adjusted by factors such
as laden/ballast state, weather conditions, degree of hull fouling, etc. marine diesel
oil consumption tends to be related to use of auxiliaries and the creation of the ship‟s
electric power load.

The bunker price is very fluctuating in the marketplace. Different locations and
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different times have different prices and the price differentiation can be really big.

Table 3.3- Bunker price in different ports (USD/ton)
Port name

IFO 380

IFO 180

ROTTERDAM

396

413

SINGAPORE

423

427.5

HONG KONG

429.5

437.5

SUEZ

485

455

Source: http://www.snet.com.cn/

Figure 3.2- Oil price in Singapore and Rotterdam
Source: Drewry Shipping Consultants (2006)

Liner companies always want to get fuel at cheapest price. So they will choose the
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port which has the lowest bunker price to fulfill their vessels. In this article we
choose Rotterdam‟s bunker price to calculate the bunker cost for both vessels.

As the previous part said, the COSCO‟s vessels‟ bunker consumption is 250 ton per
day. When talk about the mega-size container vessel, let‟s use Emma Maersk as a
model. Emma Maersk has a capacity of 13500 teus and DWT (dead weight tonnage)
of 156907 with the fuel consumption of 310 TPD (ton per day). And we knew the
voyage time is 60 days, but the vessels don‟t running all the time. We have to take off
the days when vessel stop in the port or canal. Today the port efficiency is very high,
container vessels usually spend only one day in the port. Even if the ship was very
large, the time would not exceed two days. So let‟s set the time a ship spend is 1.5
days per call, then the total time spend in nine ports is 13.5 days. So the bunker
consumption is as the table 3.4 shows.

Table 3.4- Bunker costs per year
Vessel type

COSCO‟s vessel

Bunker consumption Days on sea Bunker price

Bunker cost

(TPD)

(USD)

(USD)

250

46.5

400

4650000

Mega-size vessel 310

46.5

400

5766000

Then we get that one mega-size container vessel‟s annual bunker cost is 5766000
USD and COSCO‟s current vessel‟s annual bunker cost is 4650000 USD. When
calculate the network costs we just use these numbers multiply the number of the
vessels.

3.3.2.2 Port dues
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Port dues are another big part in the costs components. It will contain elements that
are specific to a particular port but there may be other costs relating to the use of a
specific berth or terminal. The port dues‟ components can be complex and variable –
depending to what degree the „basic‟ berthing / unberthing and „per tonne‟ charges
are supplemented by agency costs, tugs, pilotage, light dues, salvage dues, etc. most
owners, operators or managers will use the services of port agents as the conduit for
arranging the required services and also as the payment channel.

The port dues cannot be accurately estimated because the freight volume is unsure in
the port and different port have different rate. So here we use a rough number to
estimate the port dues as 54 USD per TEU. (HongJun PENG). Then we can get the
port dues for one ship per year.

Table 3.5- Annual port dues
Vessel type

Port number

Vessel capacity

Port dues (USD)

COSCO‟s vessel

9

9851

4787586

Mega-size vessel

9

13000

6318000

3.3.2.3 Canal fee

The canal cost had risen in recent years. In our study the route includes Suez Canal
so the canal cost must be in our consideration. The Suez Canal charges the vessel by
tonnage. Here is the rate of Suez Canal fee.

Table 3.6- Annual canal fee rate
DWT

First 5000

Next 5000

Next 10000
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Next 20000

Next 30000

Rest

rate

7.65

4.35

3.57

2.58

2.56

1.94

Source: http://www.snet.com.cn/

According to the fee rate above we can calculate the canal fee. The COSCO‟s current
vessels‟ average DWT is 107277 and mega-size vessel‟s DWT we refer to Emma
Maersk‟s 156907. So the canal fee is:

Table 3.7- Annual canal fee (USD)
Vessel type

DWT

Canal fee

COSCO‟s fleet vessel

107277

296417

Mega-size vessel

156907

392700

One voyage needs to pass the Suez Canal two times, so we need to pay attention
when calculate the total costs.

3.3.2.4 Container costs
Liner companies want to provide quality service. Besides having an accurate
schedule, fast ships, reasonable port of call, high-quality service, having a sufficient
number of international standards containers is an essential element. At present, the
container shipping companies get their containers mainly in two ways.

One way is the container shipping companies purchase containers from the
manufacturers. However, containers are very expensive transportation equipment.
According to the container manufacturing market in 2001, the average cost for 20 ft
container is 1500USD and a 40 ft container is 2300USD.
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The other way is to lease containers from container leasing companie s. Container
shipping companies can sign leasing contracts with container leasing companies and
the leasing companies provide a certain amount of containers in the contracted
location.

Although the containers are expensive, but they are inevitable for liner companies
who want to provide good services. In addition, from long term prospective, it is
cheaper to buy containers than lease them. So we must put the container costs into
consideration.

When we estimate the number of the containers needed in one service route. We
usually calculate how many sets of containers are needed. Theoretically, we have to
consider the ship capacity, capacity utility rate, loading and discharging containers in
every port and the containers under repair. It is difficult to find all these information
and here we use a rough estimate method.
M=Q * K, K=P + n

(3-1)

M: quantity of containers needed (TEU)
Q: vessel capacity (TEU)
K: sets of container needed
P: number of port of call
n: number of ships in the route

From the function above we can get how many containers are needed in route NE1.
We put the price of 2000USD for each TEU then we can get the container costs. The
containers life cycle is about ten years, so the depreciation rate is 10%. Then we can
get the annual container cost.
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Table 3.8- Annual container cost (USD)
Total TEUs Unit price Total cost
COSCO‟s fleet

Depreciation per year

177326

2000

354652000 35465200

Mega-size fleet 234000

2000

468000000 46800000

3.3.3 Operating costs

Within the overall ship cost equation, it is the operating costs category where ship
owners and managers have the greatest degree of influence over the choices made
and, consequently, this is the sector which attracts the most concentrated focus in
terms of cost control and the search for optimum cost-effectiveness.

The core operating cost elements are: manning or crewing cost, insurance costs,
repair and maintenance (R&M) costs and management and administrative expenses.

3.3.3.1 Manning costs

Following a lengthy period of harmony and relative tranquility, the marine manning
sector has become highly volatile. After various forebodings on the theme of seafarer
(and particularly officers and/or specific areas of expertise) shortages, this now
seems to becoming a reality. Ships continue to sail so the shortages are not absolute.
However, they are sufficient to have triggered considerable volatility in wages and to
raise a number of wider concerns.

As manning costs, in total, can be as much as 50% of vessel costs, such money needs
to be wisely spent and will be accountable, in value terms, to the owner

[7]

. Many

cost features, when comparing identical vessels, will be broadly the same – e.g. port
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charges, bunker costs, dry docks and spares – and will all follow the same pattern.
Insurance may well depend on fleet size and purchasing power but, by the large,
similar quotes can be obtained.

The same is not true of manning costs where variances can be introduced through
such influences as crew nationality, premium payments (due to market forces), on
board numbers, conditions of service and, especially, state or government subsidies.

As stated earlier, manning can be the highest single operating cost for an owner or
manager and so has to be a major area of attention. The manning wage costs for a
vessel, customarily, are prepared on an annual basis and, on a per officer rank basis.
There are three main factors in manning considerations: on board manning numbers,
rates of pay and conditions of employment.

The number of personnel serving on a vessel, generally, is not dependent on
nationality. The influencing factors instead are the vessel‟s Safe Manning Certificate
Level (as prescribed by the flag registry), Standards of Training, Certification and
Watchkeeping (STCW) requirements for seafarers, the age of the vessel, the degree
of on board technology, the trading pattern of the vessel (e.g. long transit voyages or
short trips with multi loads/discharges) and the owner‟s preference.

Typical on board numbers (excluding the backup staff to cover leave, sickness, study,
etc.) for a container vessel is 9 officers and 8 ratings [7].

Table 3.9- Annual manning cost
Number of

Manning cost per
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Annual manning

vessels

month (USD)

cost (USD)

COSCO‟s fleet

9

53900

5821200

Mega-size fleet

9

53900

5821200

Source: Drewry. (2007.). Ship Operating Costs Annual Review and Forecast-2007/08. London

3.3.3.2 Insurance costs

Underlying the modest demands of marine insurance underwriters has been a period
of sustained profitability for most shipping sectors and ship owners therefore could
afford to take a more relaxed attitude than had been the case in the past. Together,
this has created a relatively cooperative environment in the renewal of recent marine
insurance policies.

However, that is not to say that marine insurance underwriters are satisfied with their
cost structure or that the ship owner can look forward to a period of stable costs.
Indeed, the opposite is true and the next three to four years may see some of the most
difficult insurance conditions in recent memory. This will affect not only future
insurance costs but also the extent of available insurance cover which in turn will add
an unwelcome indirect cost to a ship owner‟s risk management programme.

Insurance costs for ship operators will continue to increase and, probably, at a greater
rate than during the previous years. The pressure on underwriters to do so will come
from four principal sources:

(1) Claims: the evidence is increasing that there is a step change in claims costs
which goes beyond short term statistical fluctuations. Total losses are down but
partial losses are significantly up. Further, partial losses are becoming more
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expensive and that trend is likely to continue.

(2) Regulations: the regulatory environment is beco ming continuously more
complex, more expensive and more unpredictable. The limitation of liability
conventions which have served the shipping industry well over the past 50 years are
gradually breaking down or are being fundamentally modified. There is a danger that
future limitation of liability conventions will produce results that are effectively as
onerous as strict or unlimited liability.

(3) Environment: although environment compliances for ship operations are outside
the scope of insurance costs, these compliances are increasingly affecting insurance
cover. This is true particularly in terms of sub-standard ships, environment damage,
the ability to limit liability and general enforcement issues. Some of these will
become serious problems for both the ship owner and the ship insurer and there will
be an indirect impact on insurance costs.
(4) Ship and cargo values: this is a mixed blessing for insurers. The automatically
generated higher premium based on higher insured values is welcome and has a
positive effect on underwriting results in the short term. However, claims values soon
catch up and this is a part reason for the higher claims levels being experienced at
present. There is a second downside to the increasing insured values of ships and
cargo in that this may disguise an actual underlying premium reduction which is
temporarily covered by nominal increases based only on higher values and not on the
claims record.

All ship values have increased substantially over the past years, but particularly for
container ships. This is immediately apparent in the cost structure for H&M
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insurance costs. Most of the tabulated increases in H&M insurance costs are due to
the higher valuation of ships, although there is also a modest net real increase. P&I
underwriters are less interested in the value of the ship although higher ship values
also feed into higher P&I claims costs through collision liability (RDC) exposures.
P&I insurers tend to focus on ship tonnage as this is the basis of liability limitation
conventions. For TDI underwriters, ship values feed into their costing structure
through finance costs but to a lesser degree than H&M.

Table 3.10- Representative insurance cost (000‟ USD)
Vessel

Hull

& War risks P&I

FD&D COFR/OP

TDI

Total

type

Machinery

2k teu

140

12

80

12

12

70

326

3-5 teu

220

24

120

14

16

100

494

6k+teu

360

48

160

14

20

180

782

Surcharge

Source: Drewry. (2007.). Ship Operating Costs Annual Review and Forecast-2007/08. London

3.3.3.3 Repair and maintenance

For any ship owner or manager, the vessel repair and maintenance (R&M) regime is
a vital element. It seems logical that every vessel should be maintained in optimum
condition. It should be seaworthy, fit for purpose and be a safe operating
environment for the crew and not be an instrument of harm within the marine
environment. However, these criteria are not documented and enforced against a set
of uniform global rules and regulations. Certainly, there are requirements set via the
IMO (international maritime organization) and requirements set at national level
(including those of the flag state and those imposed by Port State Control bodies).
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Yet, there continue to be accusations that the ship owner ranks contain too many sub
– standard operators with sub – standard ships.

Ultimately, therefore, every ship, owner and manager will have its own R&M regime.
This will involve a number of policy choices – and these will influence the
expenditure levels committed within this part of the operating costs budget. Each
individual player, doubtless, will believe that its regime is satisfactory. Others,
however, might judge it to be sub-standard, adequate or above average.

Budgeting for R&M can never be straightforward. This is because an owner or
manager has to account for both the foreseeable and the unforeseen. The latter has to
be part of some sort of (formal or informal) risk management process. In order to
make the calculation feasible, here I refer to Martin Stopford‟s research in calculate
container shipping cost. He set the R&M cost by 75 USD/teu/voyage. According to
that we can get the R&M costs for COSCO‟s current fleet and mega-size container
fleet.

Table 3.11- Annual R&M cost (USD)
fleet type

Voyage

TEU

R&M cost

COSCO‟s fleet

54

9851

39896550

Mega-size fleet

54

13000

52650000

Source: Drewry. (2007.). Ship Operating Costs Annual Review and Forecast-2007/08. London

3.3.3.4 Management and administrative expenses

Finally there is an administrative cost. Somehow the shipping company must recover
the cost of the administrative function which is required to operate a container
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service. A simple way to do this is to „charge out‟ an administration cost to each
vessel on a proportional basis which will recover the full overheads of the company.
There are five main functional activities are as follows:

(1) Marine operations: this covers the management of the ships, scheduling,
cargo stowage and terminal management.

(2) Logistics: responsible for the overall maintenance and control of the
company‟s fleet of own and leased containers, including maintenance, repair and
scheduling.

(3) Finance: a major activity including voyage accounts (e.g. booking, rating,
tracking, billing, etc.) management accounts and budgeting.

(4) Commercial: this covers the booking and documentation of cargo, plus
dealing with conferences where appropriate.

(5) Sales: this function sets the pricing, PR (public relations) and advertising
and deals with agents.

Some companies carry out all of these activities themselves, while smaller
companies sub-contract. As a result the numbers on the payroll vary a great deal.
Typically for major liner companies with a full range of activities, the administrative
cost is in the range 100-200USD/TEU (Martin Stopford). With the development of
container vessel size and the effect of economies of scale, the staff levels increase
less than proportionally with the service volume, the administration cost we apply
here is 30USD/TEU.
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3.4 Set up economic comparison model

In the previous part we analysis the cost structure of operating container vessels and
calculate each of them. Now we need to put them together and calculate the total cost.
The total cost is not our final task. After we get the total costs for COSCO‟s current
fleet and mega-size vessel fleet we can analysis the unit transportation cost which is
the cost per TEU. This part is where we can see the influence of economic of scale of
mega-size container vessels. In the income analysis we need to consider the cargo
volume element and the freight rate element to see which kind of fleet can get the
maximum profit.

3.4.1 Unit transportation cost and shipping cost per TEU

The unit transportation cost shows the cost differentiation for different sizes vessels.
In general, big capacity container vessel costs more than a small capacity vessel, but
the unit transportation cost is opposite. That is every big container shipping company
want to have big vessel in order to achieve the economics of scale. What we
discussed so far is all theoretical. Will the COSCO‟s NE1 route show the same
result?

The unit transportation cost is the result of total cost divided by total freight volume.
All the calculation in this article is based on annually.
U=

/

(3-2)

U: Unit transportation cost (USD)
: Total freight volume (TEU)
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: Total cost (USD)

As we have discussed above, total cost consists of three parts: ship cost (here we use
depreciation), voyage cost and operating cost. Voyage cost includes bunker cost, port
dues, canal and seaway systems and container costs. Operating cost contains
manning cost, insurance cost, repair and maintenance and management and
administrative expenses. So we have the total cost function is:

So

=

=

(3-3)

=

(3-4)

=

(3-5)

+

+

(3-6)

: Ship cost – 20 years depreciation
: Voyage costs
: Operating costs
B: Bunker cost
P: Port dues
N: Canal cost
T: Container costs – 10 years lifetime
M: Manning cost
I: Insurance cost
R: Repair and maintenance
A: Management and administrative expenses

According to the numbers we discussed above, we can get the total cost of COSCO‟s
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current fleet and mega-size container vessel fleet:

Table 3.12- Annual total cost (000‟ USD)
COSCO‟s fleet

Mega-size fleet

9851

13000

Ship cost

49500

54000

Bunker cost

324000

401760

Port dues

239390

315900

Canal cost

32013

42412

Container costs

35465

46800

Manning cost

5821

5821

Insurance cost

7038

7038

R&M cost

39897

52650

Administrative cost 27830

36726

Average capacity (TEU)

Voyage cost

Operating cost

Total cost

760954

963107

The total freight volume is hard to estimate. The number is always changing and
some information is business intelligence. Here I use a popular estimate method that
is use the operational capacity for both eastbound and westbound transportation.
= n*

* 365 /

: Operational capacity (TEU)
: Average vessel capacity (TEU)
: Round voyage time (day)
n: Number of vessels served
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(3-7)

Table 3.13- Annual operational capacity
Ship type

Days

No.

Capacity (TEU)

Annualized

capacity (TEU)

Rvoy

of

Av

Op

E/B

W/B

E/B*

W/B*

Vsls
COSCO

60

9

9851

539342

539342

539342 431474 496194

Mega-size 60

9

13000

711750

711750

711750 569400 654810

So the total freight volume is 927668 teus for COSCO‟s current fleet and 1224210
teus for mega-size container vessel fleet.

Table 3.14- Unit transportation cost (000‟USD)
Total cost

Total freight vol.(teu)

Unit cost

COSCO‟s fleet

760954

927668

0.820

Mega-size fleet

963107

1224210

0.787

We can see that the effect of economic of scale is quite obvious. The mega-size
container vessel fleet cost about 200 million more than COSCO‟s current fleet, but
its unit cost is 33 USD less than COSCO‟s. But do not forget the advantage is based
on abundant freight volume. In the income analysis, we will discuss the situation
when freight volume is not abundant.

3.4.2 Marginal cost analysis

Marginal cost is a very important concept in economics. Marginal cost is the
increment in total cost of additional unit of output. Mathematically, the MC
(marginal cost) function is expressed as the first derivative of the TC (total cost)
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function with respect to quantity (Q). Note that the marginal cost may change with
volume, and so at each level of production, the marginal cost is the cost of the next
unit produced.

(3-8)
: Unit transportation cost
dTC: Increment of the total cost of transportation
dQ: Increment of the total transportation turnover

If the transportation and production scale unchanged, that the same input capacity
(fixed costs remain unchanged), in a given period of time to increase production,
marginal cost is actually the increasing variable cost.

(3-9)
MC: Marginal transportation cost
TVC: Total variable cost

According the theory, we can calculate the marginal cost for COSCO‟s current fleet
and mega-size container vessel fleet.

Table 3.15- Marginal cost
Fleet type

Unit cost

Marginal cost

COSCO‟s fleet

0.820

0.767

Mega-size fleet

0.787

0.743

From the result we can see the mega-size container vessel fleet have a lower
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marginal cost which means the economics of scale still have some potential
improvement. In previous study of marginal cost the optimal vessel size is
10000TEU (Li Tong). The marginal cost rises when vessel size is above 10000TEU.
Why here the vessel size is still decrease when vessel size is above 10000TEU? That
is because the ship cost has changed dramatically. After the finical crisis happened,
the demand for newbuilding ships is almost zero. The newbuilding price is decrease a
lot in two years. This article‟s calculation refers to the latest price, so the mega-size
container vessel can get better economic of scales.

3.4.3 Income analysis

In this part I will investigate the income pattern of the two types of fleets. Container
shipping company earn money by provide transportation service. Their income is
based on two factors: freight volume and freight rate.

Two years after the financial crisis, the container shipping market has recovered to a
normal level. Volumes, rate and revenue all showed a tentative, partial recovery in
2010. The Far East-North Europe trade has been the most volatile of the east-west
trades and appears to be the first to start a partial recovery in revenue.
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Figure 3.3- China containerized freight index trend
Source: Shanghai Shipping Exchange

And the latest china containerized freight index in Europe service is 1770.

The freight volume is the other aspect that affects the income. Good news keep
coming and the volume in Europe – Asia route is quite optimistic and some container
vessels were even full loaded. But obviously the volume has not recovered to the
level of 2007‟s; maybe it will happen in one or two years. Here I when I calculate the
income of two types fleets, I apply 98 per cent operational capacity in westbound and
80 per cent operational capacity in eastbound. This is coincidence to today‟s real
situation.

Table 3.16- Income situation (000‟USD)
COSCO‟s fleet
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Mega-size fleet

Freight volume

927668

927668

Freight rate

1.77

1.77

Income

1641973

1641973

Total cost

760954

963107

Net income

881019

678865

Profit per TEU

0.950

0.731

From the result we can see that in the current freight volume the mega-size vessel
cannot perform advantage of economic of scales. Let us analysis in what situation
will they be better than the COSCO‟s current fleet.

Table 3.17- Mega-size fleet‟s income under different volume level (000‟USD)
Volume 1

Volume 2

Volume 3

Freight volume

1224210

1041879

1174521

Freight rate

1.77

1.77

1.77

Income

2166851

1844126

2078902

Total cost

963107

963107

963107

Net income

1203745

881019

1115795

Profit per TEU

0.983

0.846

0.950

Volume one is fully loaded volume level. The operated volume is 32% more than the
COSCO‟s fleet and everything seems to be very attractive. But can the market
increase to this level, we will never know.

The volume level 2 is the freight volume when two fleets achieve the same net
income. According to the mathematic analysis, we can see that when mega-size
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container vessels operate 1041879TEUs, the company earns the same amount as
COSCO‟s current fleet operates 927668TEUs. That is 12% increase and according to
current situation we can‟t see the signal of such a big increase.
The third volume is to illustrate the situation when two fleets achieve the same profit
per TEU.

Summary

In chapter three, we compared the economic situation between the COSCO‟s current
fleet with mega-size fleet. We analyzed their cost structure and their income pattern
under different freight volume. We got that COSCO‟s current fleet‟s annual total cost
is 761 million USD and mega-size fleet‟s annual total cost is 963 million USD. From
the comparison we found that in the current market situation mega-size fleet‟s annual
net income is 679 million USD while COSCO‟s current fleet‟s is 881 million USD.
And in the further analysis, we know that only if the freight volume had a more than
12% increases, the mega-size fleet would not earn more money than current fleet.
And to make the mega-size fleet fully loaded, the freight volume needs a 32%
increase.

Chapter 4: Mega-size container vessel operational risk

4.1 Introduction
In the previous chapter we analyzed the economic viability of mega-size container
vessel. In chapter four we are going to analysis their risk situation. The theory we are
going to use is the sensitivity analysis. By compare the sensitivity coefficient we can
see which type of fleet has more risk.
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4.2 Operational risk

The influence of financial crisis has not disappeared yet. The container shipping
market‟s depression is still fresh in our memory. A lot of liner companies are still
worrying about the mega-sized ships they ordered. So the mega-size container
vessels are not as pretty as they looked like. This chapter is trying to analysis the risk
of operating mega-size container vessels.

Here we discuss the operational risk is on the areas of operating and running costs.
Including the bunker cost fluctuation, repair and maintenance (R&M) regime and the
procurement regimes. During the analysis we mainly based on the comparison
between COSCO‟s current fleet and mega-size fleet. After all, the aim of this article
is to investigate whether China container shipping company should use mega-size
container vessel.

4.2.1 Bunker price fluctuation

In the chapter 3 we analyzed the cost of operating container vessels and bunker cost
is one of them. From the result we can see the bunker cost is the biggest portion in
total cost. The world oil price is very unstable which a very big issue is for carriers.
Here I would use SA (sensitivity analysis) to study the impact of bunker price
fluctuation.

Sensitivity analysis is the study of how the variation (uncertainty) in the output of a
mathematical model can be apportioned, qualitatively or quantitatively, to different
sources of variation in the input of the model. Put another way, it is a technique for
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systematically changing parameters in a model to determine the effects of such
changes. The result is reflected by sensitivity coefficient. The sensitivity coefficient
is greater than 1, it means the factor is sensitive. The sensitivity coefficient is less
than 1, it means the factor is not sensitive. The sensitivity coefficient is equal 1, it
also means the factor is not sensitive.

Bunker price sensitivity coefficient = profit change (%) / bunker price change (%)

According to this function we can get the bunker price sensitivity coefficient for
COSCO‟s current fleet is 0.37 and for mega-size container vessel fleet is 0.59.
From the result we can see that bunker price is not a sensitive factor. And we can also
get that mega-size container vessel fleet is more sensitive to bunker price than
COSCO‟s current fleet. This means when the bunker price changes, the mega-size
container vessel will have greater influence than COSCO‟s current fleet.

4.2.2 R&M and spare part

The mega-size container vessel also faces maintaining and spare part problem. As we
all know repair and maintenance activity can be divided into two compo nents –
planned (or scheduled) work and unplanned work. The latter arises from an
unexpected equipment failure. The mega-size container vessel is a new vessel type,
so their maintenance work must be more difficult than older type vessels. They need
special equipment and experts to do the repair and maintenance work. Mega-size
container vessel‟s huge size makes it difficult to find a suitable dry dock. These are
only the schedule work‟s problems. If mega-size container vessel had an unexpected
incident, the availability of spare parts and resources is a very serious problem.
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4.3 Freight rate fluctuation risk

The unstable freight rate is another risk for liner shipping company. Liner service has
fixed schedule, the ships spend money all the time. If the income is not good enough,
liner company will keep losing money. Here I use sensitivity analysis to investigate
the relation between freight rate and profit.

Freight rate sensitivity coefficient = profit change (%) / freight rate change (%)

Based on the calculation in chapter three we can get the coefficient:
Table 4.1- Freight rate sensitivity coefficient

Freight rate SC

COSCO‟s fleet

Mega-size fleet

1.86

2.42

The result shows the freight rate is a sensitive factor, especially for mega-size fleet.
The greater freight rate sensitive coefficient means the mega-size container vessel
fleet has greater influence than COSCO‟s fleet. This means the mega-size fleet has
greater freight rate fluctuation risk than COSCO‟s current fleet.

4.4 Freight volume risk

The mega-size container vessel‟s economics of scale is based on the abundant freight
volume. Otherwise their big capacity is just a huge financial burden. Whether freight
volume is more sensitive to bigger vessel or to the COSCO‟s fleet we don‟t know. So
we need to analysis their freight volume sensitivity coefficient.

Freight volume SC = profit change (%) / freight volume change (%)
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Table 4.2- Freight volume sensitivity coefficient

Freight volume SC

COSCO‟s fleet

Mega-size fleet

1.83

2.42

From the result we can see that the mega-size fleet have greater freight volume
sensitivity coefficient. The freight volume fluctuation have very enormous influence
to mega-size container vessel fleet that means it has more risk to operate mega-size
fleet for COSCO.

Summary

In this chapter we analyzed the risky of COSCO current fleet and mega-size fleet.
From the study we can see that mega-size fleet has higher risk than COSCO current
fleet all aspects. It has greater sensitivity coefficient in bunker price, freight volume
and freight price. In a word, mega-size container vessels have more risk than
COSCO current fleet.

Chapter 5: Conclusion

In this article, we studied the economic viability of mega-size container vessel in
COSCO‟s NE 1 route. First we analyzed COSCO‟s current fleet‟s situation and get
the information we needed. Second, we compare the financial situation between the
COSCO‟s current fleet with mega-size fleet. We analyzed their cost structure and
their income pattern under different freight volume. From the comparison we found
that in the current market situation mega-size fleet‟s annual net income is
678,865,000USD while COSCO‟s current fleet‟s is 881,019,000USD. And in the
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further analysis, we know that only if the freight volume had a more than 12%
increases, the mega-size fleet would not earn more money than current fleet. And the
mega-size fleet will fully loaded when the freight volume has a 32% increase.

After that we also study the operational risk of mega-size container vessel and
analyzed the sensitivity of some factors. We picked three factors to have a sensitivity
analysis. They are bunker price, freight rate and freight volume. The sensitivity
coefficient showed that mega-size container is more sensitive than COSCO‟s current
fleet to these three factors. That‟s means operating mega-size container will has more
risk.

From all these study we can get the conclusion that mega-size container vessel is not
suitable for COSCO liner shipping company right now and I believe if the container
shipping market hasn‟t got a big boom, COSCO should not buy mega-size container
vessel in recent years.
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